Chapter 22

ATMOSPHERIC EMISSION AND ABSORPTION OF
ULTRAVIOLET RADIATION

R. E. Huffman

22.1 VUV/UV BACKGROUND
ATMOSPHERIC RADIANCE

The radiance of the earth’s atmosphere as seen from
space is shown in Figure 22-1. The day and night radiance
levels are shown for the earth-center or nadir viewing di-
rection with the observer at an altitude of about 500 km or
more. The units are Rayleigh per A with a Rayleigh equal
to 10° photon/(s cm? column 4 7 steradian). The values in
Figure 22-1 are based on a number of rocket and satellite
observations. Only prominent spectral features are shown.

The day radiance values are shown in the upper part of
Figure 22-1. The upper curve labeled day maximum gives
observed radiance values for overhead sun (solar zenith
angle of zero). The radiance is less for larger solar zenith
angles. At wavelengths longer than about 2000 A in the
figure, solar scatter is the principal component. Represent-
ative references are Elliot et al. [1967], Barth and Mackey
[1969], Huffman et al. {1980}, and Rawcliffe and Elliot
[1966]. Two broad minima are present, centered at about
2500 A due to ozone and at about 1500 A due to oxygen.
In each case, the atmospheric constituent absorbs back-
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Figure 22-1. Atmospheric radiance in the ultraviolet.
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scattered emission leading to a minimum in the background
[Heath, 1973].

The emission at wavelengths shorter than 2000 A in the
figure is due primarily to the dayglow. The Lyman-Birge-
Hopfield (LBH) bands of molecular nitrogen are the most
prominent band system [Meier et al., 1980; Huffman et al.,
1980; Prinz and Meier, 1971; Takacs and Feldman, 1977].
Strong multiplets of atomic oxygen occur at 1304 and 1356
/o\, and there are several lines of atomic nitrogen, with the
strongest at 1493 and 1200 A. Hydrogen Lyman-alpha
(1216A) emission due to solar resonance scattering from
the geocorona has been extensively measured for both day
and night situations [Carruthers et al., 1976; Meier and
Mange, 1970, 1973; Thomas, 1963].

The night midlatitude radiance values in the lower part
of Figure 22-1 are representative of observations found be-
tween the tropical ultraviolet airglow belts and the auroral
region. The nitric oxide delta and gamma bands and the
oxygen Herzberg band emission are due to chemilumines-
cence. References to these bands are as follows: Cohen-
Sabban and Vuillemin [1973]; Huffman et al. [1980]; and
Reed and Chandra [1975]. The minimum value in a band
centered at 1550 A was measured by Huffman et al. [1980].

There are several localized sources of ultraviolet emis-
sion from the atmosphere, as summarized in Table 22-1.
The tropical ultraviolet airglow, due to radiative recombi-
nation of oxygen ions, occurs mainly in the pre-midnight
sector [Barth and Schaffner, 1970; Carruthers and Page,
1976; and Hicks and Chubb, 1970}. The twilight spectrum
is seen near the terminator when only upper altitudes are
illuminated by solar ultraviolet, resulting in a low back-
ground from solar scatter [Gerard et al., 1970; Barth et al.,
1973]. The auroral region as seen from space in the ultra-
violet produces many emission features, as measured by
Beiting and Feldman [1978]; Chubb and Hicks [1970]; Peek
[1970]; and Huffman et al. [1980].

The extreme ultraviolet wavelength region from about
1100 A to the soft x-ray region near 100 A has not been as
well characterized as VUV/UV wavelengths. Emission is
primarily oxygen and nitrogen lines. Rocket observations

Table 22-1. Ultraviolet emission from localized sources

available to date are by Christensen [1976], Gentieu et al.
|1979], and Feldman et al. [1981].

22.2 ABSORPTION AND IONIZATION
CROSS SECTIONS OF MAJOR
GASES

A general introduction to the role of ultraviolet absorp-
tion and ionization in aeronomy is given by Watanabe [1958],
although most of the cross-section values have been obtained
at improved resolution in later work. The major gases dis-
cussed here are O,, O, Ny, and O. Cross sections for use
in acronomy are available from several sources: Huffman
[1969]; Hudson [1971]; Kirby et al. [1979]. These com-
pilations generally concentrate on solar emission features.

A detailed review including the major atmospheric gases
is available by Berkowitz [1979]. Complete bibliographies
of photon cross-section references can be obtained through
the Low Energy Atomic Collision Cross-Section Informa-
tion Center, Joint Institute for Laboratory Astrophysics,
University of Colorado, Boulder, Colorado 80309.

The transmission through a gas is given by exp [ — o NJ,
where o is the total absorption cross section in cm? and N
is the column density in em™2. The photoionization cross
section is the portion of o that results in ionized products.
Specific cross sections for producing specific ionized or
neutral products can be defined in a similar manner. The
cross section must be measured at a resolution considerably
less than any structure in the spectrum. This difficulty occurs
for narrow lines, and in these regions the simple exponential
transmission calculation is not accurate.

Cross sections are given in Figure 22-2 for molecular
oxygen (O,) and ozone (O3) and in Figure 22-3 for molecular
nitrogen (N,) and atomic oxygen (O). These figures give
the location in wavelength of the photon absorption of most
importance to aeronomic problems. In regions of compli-
cated structure such as molecular bands or atomic lines,
representative values are shown. In these regions, the de-
tailed measurements must be utilized, as found through the

Nadir
Source Constituent Intensity Remarks
Aurora O.N Lincs up to 10 kR Arcs and diffuse
N, Bands (variable) aurora scen day
(NO?) and night in
auroral oval.
Tropical UV O 1304,1356 up to | kR Night, two bands
Airglow (variable) + 10° from dip
cquator.
Twilight NO (Gamma bands) up to 1 kR Neur terminator
Mg' up to 100R only
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Figure 22-2. Molecular oxygen (O;) and ozone (O;) photon cross sections. Detailed structure and all molecular bands are not shown. See text for further

discussion.
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Figure 22-3. Molecular nitrogen (N,) and atomic oxygen (O) photon cross sections. Detailed structure and all molecular bands and atomic lines arc not
shown. See text for further discussion.
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references. The curves given are based on measurements
from many sources. Reference to measurements will be
necessary for detailed cross sections, especially where dis-
crete structure is indicated.

Molecular oxygen (O,) absorption occurs weakly in the
Herzberg continuum between about 2400 and 2050 A. The
Schumann-Runge bands are located between about 1 750 and
2050 A. These bands are composed of many narrow rota-
tional lines. Transmission models have been developed [Blake,
1979]. The Schumann-Runge continuum occurs between
about 1250 and 1750 A. The region between 1027 and 1250
A has a number of “windows,” or regions of low absorption,
as well as strong absorption bands. Nitric oxide is photoion-
ized by the intense solar hydrogen Lyman-alpha line (1216
/o\) at one of these windows with an ionization cross section
of 2.0 X 107" cm?.

The molecular oxygen ionization threshold occurs at
1027 f\; however, strong molecular bands continue to be
observed to about 600 A. The photoionization cross section
is also shown as it is appreciably different from the total
cross section to about 500 A. The bands may show autoion-
ization structure. Toward the shorter wavelengths of the soft
X-ray region, the cross section decreases.

The principal ozone (O;) absorption is centered near
2500 A. Weaker absorption continues to about 3500 A to-
ward longer wavelengths. Bands are not shown in the figure.

Molecular nitrogen (N,) begins to absorb strongly at
about 1000 A. Only a few of the numerous bands are shown.
A continuum underlying these bands must be weak and an
upper limit is shown. The ionization threshold is at 796 A.
A separate photoionization curve is not shown as it is ap-
proximately the same as the total absorption curve. Au-
toionized molecular bands are observed from about 650 to
796 A.

Atomic oxygen (O) is photoionized at wavelengths shorter
than 911 A. At longer wavelengths absorption is confined
to line series converging to the ionization threshold. At
wavelengths shorter than 911 A, there are autoionized series
converging to more energetic ionization thresholds. A few
of the more intense members are shown.

22.3 RATE OF PHOTODISSOCIATION IN
THE ATMOSPHERE

Photodissociation resulting in neutral products occurs in
the atmosphere due to the absorption of solar radiation by
molecules. The photon absorption process resulting in the
formation of ions and electrons is called photoionization. It
is covered in Chapter 21 of this handbook. In general, pho-
todissociation into neutral products requires less energy than
photoionization. It occurs at longer wavelengths and lower
altitudes. At many wavelengths and altitudes, both photo-
dissociation into neutral products and photoionization are
occurring. The internal and kinetic energy states of the neu-
tral products are very important in determining reaction
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mechanisms in the atmosphere and where information is
available it is included.

This section is an introduction to the most important
photodissociation processes and their role in the atmosphere.
It is based on Turco and Huffman [1979] and Turco [1975].

The wavelengths of solar radiation of interest in pho-
todissociation are primarily from the strong hydrogen Ly-
man-alpha line at 1216 A through the ultraviolet to about
7500 A. The solar flux available for photodissociation in
the ultraviolet at wavelengths less than about 3000 A is
controlled by absorption of molecular oxygen and ozone.
This absorption acts as a shutter to decrease the solar flux
as a function of altitude and determine the rate of photo-
dissociation of species present at smaller concentrations.

The solar atmospherically attenuated irradiance as a
function of solar zenith angle is shown in Figures 22-4,
22-5 and 22-6. Absorption between 3300 and 2000 A is
largely by ozone. Between 2000 A and 1216 A, molecular
oxygen is the important absorbing molecule. Three repre-
sentative solar zenith angles of 75°, 60°, and 30° are given
in the figures. The oxygen vertical profile is the mean ref-
erence profile of Champion [1972]. The ozone profile used
is a midlatitude empirical model due to Krueger and Minzer
[1976]. The solar flux at the top of the atmosphere used in
Figures 22-4, 22-5, and 22-6 is the same as given in Chapter
2 by Heroux and Hinteregger (Figures 2-2, 2-3).
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Figure 22-4. Atmospherically attenuated solar irradiance for solar zenith
angle of 75° for various altitudes (km).
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Atmospherically attenuated solar irradiance for solar zenith
angle of 60° for various altitudes (km).
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Table 22-2. Molecular phatodissociation processes. Product is ground
state unless indicated aotherwise

Desighation in

_Figures 22-7,8& 9 Photodissociation Process

0x(1) 0,50 +0
0:(2) 0,— 0 + 0('D)
0;:(2) 0;->0+0,("A,)
NO NO—- N+ O

NO, NO, - NO + O
N,O N,O—- N, + O (')
N205 N205 ad 2N02 + O
HNO, HNO, - OH + NO
HNO, HNO, = OH + NO,
HO, HO, - OH + O
H,O H,0—- OH + H
.H2QZ H,0, — OH + OH
COx(D) CO,—> CO + O
CO»(2) CO, — CO + O»('D)

CH,(1) CH,— CH; + H
CH4(2) CH, —» CH; + H,
HCHO(1) HCHO — CHO + H
HCHO(2) HCHO — CO + H,
S0, SO, —> SO + O
OCS OCS - CO + S ('D)
H,S H,S— HS + H

The number of photodissociation events occurring per
unit volume per second at a given point in the dtmosphere
is equal to the local number density multiplied by the pho-
todissociation rate per molecule per second. The latter factor
is the integral of the absorption cross section times the solar
flux at a given altitude over all significant wavelengths. If
known, the cross sections for specific products can also be
used to give production rates for specific energy states.

Photodissociation rates are shown in Figures 22-7,
22-8 and 22-9 for the three solar zenith angles of 75°, 60°,
and 30°. A total of twenty-three photodissociation processes
are shown for seventeen absorbing molecules. The mole-
cules in¢luded are O, O;, NO, NO,, N,O, N,0s, HO,,
H,0,, HNO,, HNO,, CO,, CH4, HCHO, SO,, H,S, and
OCS. The absorption cross sections for O, and Os are given
in Figure 22-2. References to the remaining cross sections
are in Turco and Huffman |1979] and Turco [1975].

The total photodissociation rate per unit volume as a
function of altitude can be obtained from Figures 22-7,
22-8, and 22-9 and the number density of the molecule of
interest. These densities will vary depending on the problem
under consideration. Some of the molecules are included
because they are important in the atmospheric chemistry
associated with nitrogen oxides, water vapor, and/or other
gases released in the atmosphere at greater than naturally
occurring levels.

Table 22-2 gives the specific photodissociation reactions
that apply to the curves in Figures 22-7, 22-8, and 22-9. In
many cases, the excited electronic state of the product is
known. The internal energy in the products can be very
important in determining subsequent reactions.
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